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In the current work, we report the investigation of RbLn2Fe4As4O2 (Ln = Tb, Dy and Ho) and
RbFe2As2 by
57Fe Mo¨ssbauer spectroscopy. Singlet pattern has been observed for all the samples
indicating the absence of static magnetic ordering down to 5.9K on the Fe sublattice. The observed
intermediate value of the isomer shift confirms the effective self charge transfer effect for the studied
superconductors. Debye temperatures of these samples have been determined by the temperature
dependence of the isomer shift. Most importantly, we observe different spectral line width broad-
ening behaviors for samples with different rare earth elements, and no line width broadenings for
samples Ln=Tb and Ho. These results suggest that the observed magnetic fluctuations at the Fe
site might be sensitive to the magnetic behaviors of the rare earth magnetic moments.
PACS numbers: 76.80.+y, 74.62.Dh
I. INTRODUCTION
In the past ten years, many iron-based supercon-
ductors (IBS) crystallizing in several structural types
have been successfully synthesized1–12 after the fa-
mous discovery of high-temperature superconductivity
(HTSC) in LaFeAsO1−xFx
6. The key unit responsi-
ble for the emergence of HTSC is the so called anti-
fluorite-type Fe2X2 (X=As,Se and others) layers. Ac-
cording to different separating layers, the IBS can be
categorized into relatively simple structures, such as (i)
11-type FeSe1, (ii) 111-type (Li/Na)FeAs2,3, (iii) 122-
type Ba1−xKxFe2As2
4 and KFe2Se2
5, (iV) 1111-type
ReFeAsO1−xFx (Re=rare earth elements)
6,7, and other
relatively complex structures with perovskite-like spacer
layers, such as Sr2VFeAsO3
8, Ba2Ti2Fe2As4O
9 and more
recently discovered examples of 1144-type CaKFe4As4
10
and 12442-type KCa2Fe4As4F2
11 and RbLn2Fe4As4O2
(Ln = Sm, Tb, Dy and Ho)12. In the former simple-
structure class, SC can be induced by suppressing the
spin density wave order with chemical doping or external
pressure7, whereas in the later complex-structure class
SC can be induced by internal charge transfer within the
materials themselves9–13
It was found that, subtle changes of the electronic
or structural type properties at the local Fe site can
lead to very different superconducting properties of the
material7. Apart from the electronic and structural as-
pects, possible spin fluctuation mediated pairing mech-
anism is another mostly discussed topic in the IBS.
Mo¨ssbauer spectroscopy (MS) is widely accepted to be
one of the most sensitive techniques in terms of energy
resolution. Since the IBS naturally contain the mostly
used Mo¨ssbauer nuclide, 57Fe, it is quite natural to use
MS to investigate the IBS. In fact, regarding to the study
of not only electronic structure but also magnetic prop-
erties of this class of materials, many interesting results
have already been acquired by MS14–21.
Therefore, it is very interesting to investigate the lo-
cal electronic and magnetic properties by using MS tech-
nique for the recently discovered iron-based materials
with internal charge transfer induced HTSC. In our ear-
lier work, we have confirmed the effective charge trans-
fer effect in superconducting RbGd2Fe4As4O2 and have
found two spectral line width (LW) broadenings that due
to magnetic fluctuations of the Fe moments and trans-
ferred magnetic fluctuations from the Gd moments13.
Here, in order to study the rare earth dependent behavior
of the magnetic fluctuations, we report systematic inves-
tigations of the RbLn2Fe4As4O2 (Ln = Tb, Dy and Ho)
superconductors with MS. Interestingly, we found that
the observed magnetic fluctuations at the Fe site sen-
sitively depend on the magnetic properties at the rare
earth site. Then our results invite further studies of these
magnetic properties by using other techniques.
II. EXPERIMENTS
Polycrystalline superconductors of RbLn2Fe4As4O2
(Ln = Tb, Dy and Ho) were synthesized by a solid-
state reaction method12. Phase purity of these samples
were checked by powder x-ray diffraction (XRD) mea-
surements with Cu-Kα1 radiation. As reported earlier,
these samples are nearly single phase with Ln2O3 as the
only detectable impurity phase whose weight percent-
ages are 3.6%, 3.9% and 2.8% for Ln=Tb, Dy and Ho,
respectively12. Synthesis and characterization details can
be found elsewhere12. RbFe2As2 single crystal was addi-
tionally grown, for comparison of the obtained hyperfine
parameters, using self flux method as the same procedure
for the growth of CsFe2As2
22.
Transmission Mo¨ssbauer spectra at temperatures be-
tween 5.9K and 300K were taken by using a conventional
spectrometer working in constant acceleration mode with
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FIG. 1: (color online) Temperature dependence of resistivity
for the RbLn2Fe4As4O2 (Ln = Tb, Dy and Ho) supercon-
ductors. The superconducting transition temperature were
determined to be 34.7K, 34.4K and 33.8K for Ln=Tb, Dy
and Ho, respectively. Inset shows the temperature depen-
dence of the 4piχ data taken in the ZFC mode with 10Oe
external magnetic field.
a γ-ray source of 25mCi 57Co(Rh) vibrating at room tem-
perature. The absorbers were prepared with a surface
density of ∼6mg/cm2 natural iron. The drive velocity
was calibrated using sodium nitroprusside (SNP) powder
and the isomer shifts (IS) quoted in this work are relative
to that of the α-Fe foil at room temperature. The full
line width (LW) at half maximum of the SNP spectrum
is 0.244(2)mm/s which can be regarded as the resolution
of the spectrometer. All the spectra were analyzed with
MossWinn 4.023 programme.
III. RESULTS AND DISCUSSION
Fig.1 presents the temperature dependence of the re-
sistivity data, ρ(T ), of the as-prepared polycrystalline
samples RbLn2Fe4As4O2 (Ln = Tb, Dy and Ho). The
superconducting transition temperature were found to be
34.7K, 34.4K and 33.8K for Ln=Tb, Dy and Ho, re-
spectively. Bulk superconductivity in these samples were
confirmed by the strong diamagnetic signal below the su-
perconducting transition temperature in the dc magnetic
susceptibility data shown in the inset of Fig.1. Detailed
superconducting properties of these samples have already
been published in our earlier work12.
Typical 57Fe Mo¨ssbauer spectra of RbLn2Fe4As4O2
(Ln = Tb, Dy and Ho) and RbFe2As2 samples recorded
at temperatures of 5.9K, 100K and 300K are shown in
Fig.2. Singlet pattern were observed for all the measured
spectra indicating the absence of static magnetic order-
ing of the Fe sublattice down to the lowest temperature
of the current experimental limit of 5.9K for all the sam-
ples. In order to get the hyperfine parameters, we fitted
our spectra with one singlet profile as described in our
earlier work for a similar compound RbGd2Fe4As4O2
13.
The good matching between the calculated spectra and
the experimental data proves that there is only one Fe
species in our samples, being consistent with our XRD
analysis that there is only one crystallographic site for
Fe atoms and the only detectable impurity phases are
Ln2O3 (Ln = Tb, Dy and Ho)
12 which are transparent
to our 57Fe Mo¨ssbauer measurements since they do not
contain Fe element.
The ISs obtained from the fits as described above are
plotted in Fig.3 as a function of temperature. Data ob-
tained for sample RbFe2As2 and calculated curve for
GdFeAsO using data taken from Ref.24 are also shown
for comparison. At lowest temperature, the ISs of sam-
ples RbLn2Fe4As4O2 (Ln = Tb, Dy and Ho) are lo-
cated in the middle of that for samples RbFe2As2 and
GdFeAsO indicating an effective self charge transfer at
the local Fe site as found for sample RbGd2Fe4As4O2
13
and CaKFe4As4
25. With increasing temperature, the ISs
gradually decrease following the typical behavior of De-
bye model. One should note that the ISs of samples
RbLn2Fe4As4O2 (Ln = Tb, Dy and Ho) decrease more
rapidly than that of sample RbFe2As2 with increasing
temperature, consequently, the ISs are much closer to
that of sample RbFe2As2 at higher temperatures, sug-
gesting different lattice dynamic behaviors of these sam-
ples with different characteristic Debye temperatures.
On the other hand, the lattice dynamic behaviors of these
samples are more similar to that of sample GdFeAsO as
shown later by their similar Debye temperatures (see ta-
ble I).
In Debye model, the temperature dependence of IS(T)
can be expressed by the following equation26
IS(T ) = IS(0)−
9
2
kBT
Mc
(
T
ΘD
)3
∫ ΘD/T
0
x3dx
ex − 1
(1)
where IS(0) is the temperature independent chemical
shift, and the second part is the temperature depen-
dent second order Doppler shift. kB is the Boltzmann
constant, M is the mass of the Mo¨ssbauer nucleus, c
is the speed of light and ΘD is the corresponding De-
bye temperature. Theoretical fits by using equation (1)
to the experimental data are shown as solid curves in
Fig.3. The fitted chemical shift IS(0) and Debye temper-
ature ΘD are listed in table I. Data taken from Ref.
13
for sample RbGd2Fe4As4O2 and Ref.
24 for GdFeAsO
are also included for comparison reasons. One can see
that the Debye temperature of RbFe2As2 is much larger
than the other samples. It is even larger than that,
ΘD = 474(20)K, for sample KFe2As2 obtained with the
same method25. For the superconducting samples with
Ln=Gd, Tb, Dy, and Ho, the smaller Debye tempera-
tures suggest a less stiffer lattice behavior, which should
be similar to that of sample GdFeAsO since they have
much closer Debye temperatures. This is similar to the
situation reported for sample CaKFe4As4, which also can
be viewed as being constructed from the alternating slabs
of CaFe2As2 and KFe2As2, whose Debye temperature is
also much smaller than that of KFe2As2 and much closer
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FIG. 2: (color online) 57Fe Mo¨ssbauer spectra (black dots) of RbLn2Fe4As4O2 (Ln = Tb, Dy and Ho) and RbFe2As2 taken
at 5.9K, 100K and 300K. The red solid lines are singlet fits to the experimental data.
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FIG. 3: (color online) Isomer shift as a function of tem-
perature for RbLn2Fe4As4O2 (Ln = Tb, Dy and Ho) derived
from the fits as shown in Fig.2. The solid lines are theoret-
ical fits to the Debye model as described in the main text.
Data obtained for sample RbFe2As2 and calculated curve us-
ing data taken from Ref.24 for GdFeAsO are also shown for
comparison.
to the value of CaFe2As2
25,27.
In Fig.4, we plotted the spectral LW of
RbLn2Fe4As4O2 (Ln = Tb, Dy and Ho) and RbFe2As2,
determined from the fits shown in Fig.2, as a function
of temperature. A featureless temperature dependent
behavior can be observed for sample RbFe2As2 and
samples with Ln=Tb, Ho. On the other hand, a spectral
LW broadening can be seen below about 50K for
sample with Ln=Dy. This is similar with our earlier
report for sample RbGd2Fe4As4O2 where two spectral
LW broadenings have been observed with decreasing
temperature below about 100K and 15K correspond-
TABLE I: Chemical shift IS(0) and Debye temperature ΘD
of samples RbLn2Fe4As4O2 (Ln = Tb, Dy and Ho) and
RbFe2As2 obtained by fitting eqution (1) to the data in
Fig.3. Data taken from Ref.13 for sample RbGd2Fe4As4O2
and Ref.24 for GdFeAsO were also included.
Sample IS(0) (mm/s) ΘD (K)
RbFe2As2 0.448(2) 526(28)
RbGd2Fe4As4O2 0.497(4) 415(47)
RbTb2Fe4As4O2 0.497(1) 366(15)
RbDy2Fe4As4O2 0.487(2) 395(25)
RbHo2Fe4As4O2 0.487(2) 363(20)
GdFeAsO 0.540(2) 409(4)
ing to magnetic fluctuations from the Fe spins and
transferred magnetic fluctuations from the Gd spins13,
respectively. With further decreasing temperature, the
LW broadening for sample Ln=Dy has been suppressed
within the superconducting ground state due to the
competition between magnetism and SC. Different with
sample RbGd2Fe4As4O2, no second LW broadening has
been observed till the lowest measured temperature of
5.9K in this study, which suggests that no transferred
magnetic field can be observed at the Fe site for sample
with Ln=Dy. This is rather confusing since that the
magnetic ordering temperature for sample Ln=Dy
(∼8K) is higher than that for sample Ln=Gd (∼3K,
see the magnetic measurements in Ref.12,13) and the
magnetic moment is usually larger for Ln=Dy. From
the discussion in our earlier work13, we believe that the
transferred magnetic fluctuations are most likely due to
the Gd moments that order in a canted antiferromag-
netic fashion below a lower temperature. Therefore,
our results suggest that the magnetic ordering of the
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FIG. 4: (color online) Temperature dependence of the spec-
tral LW of RbLn2Fe4As4O2 (Ln = Tb, Dy and Ho) and
RbFe2As2.
Dy moments observed for sample Ln=Dy is likely to be
collinear rather than canted for sample Ln=Gd. Below
the ordering temperature, the magnetic field at the Fe
site transferred from the Dy magnetic moments on the
two sublattices shall cancel out. Thus, the absence of
the second LW broadening can be understood. From
the earlier published work12, no magnetic ordering of
the rare earth magnetic moments have been observed
for sample Ln=Tb and Ho down to ∼2K. Then, the
absence of spectral LW broadening for sample Ln=Tb
and Ho can be understand naturally. The above results
suggest that the observed LW broadenings, either due
to the magnetic fluctuations of the Fe spins or due to
the transferred fluctuations from the rare earth spins,
might be sensitive to the magnetic behaviors of the
rare earth moments. This is rather surprising since no
obvious dependence of the superconducting properties
on the rare earth magnetism were observed in the past.
Therefore, finding out how and when do the rare earth
magnetic moments order is very important for a better
understanding of these phenomena.
IV. SUMMARY
In summary, we have investigated RbLn2Fe4As4O2 (Ln
= Tb, Dy and Ho) and RbFe2As2 by
57Fe Mo¨ssbauer
spectroscopy. The singlet pattern of these spectra indi-
cate that all these samples do not exhibit static magnetic
ordering down to 5.9K on the Fe sublattice. The effective
self charge transfer effect for our RbLn2Fe4As4O2 (Ln =
Tb, Dy and Ho) samples have been confirmed by the
observed intermediate value of the isomer shift. Debye
temperatures of these samples have been determined by
the temperature dependence of the isomer shift. Impor-
tantly, the different spectral LW broadening behaviors
observed for sample Ln=Dy and Gd, and the absence
of the LW broadening for sample Ln=Tb and Ho sug-
gest that the observed magnetic fluctuations at the Fe
site might be sensitive to the magnetic behaviors of the
rare earth magnetic moments. Therefore, future investi-
gations using other techniques to study these effects and
the possible interplay between magnetism and supercon-
ductivity in these materials will be very interesting.
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